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Outline of the Talk
• Why do we need the ATLAS at LHC?
– The Standard Model
– Basic questions to be answered
• Status of the LHC
– The Large Hadron Collider (p-p or Pb-Pb collisions)
– Experimental challenges at the LHC
• ATLAS : A Toroidal LHC ApparatuS
– Status of ATLAS detector
– Commissioning with cosmics
– Prospects for early physics
• Summary & Outlook
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Why do we need the LHC?
• Our current knowledge is the Standard Model:
– The ElectroWeak(EW) unification theory
– The Quantum ChromoDynamics(QCD)
• The Standard Model has been subject to various precision tests
– Results from LEP, Tevatron, Belle & BaBar, etc. 
• However it introduced a fifth force, the Higgs field
– Which has never been observed in any experiment so far!
• Many basic questions remain to be answered!
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Basic questions to be answered(1)
• Do all the forces become one?
– A single grand unified force as Einstein once dreamed (GUT, 
superstrings)?
• Are there undiscovered principles of nature:
– New symmetries (e.g. supersymmetry), new physical laws?
• How can we solve the mystery of dark energy?
– Is it related to the Higgs field?
• Are there extra-dimensions of space?
– The string theory and manifestations in particle physics 
(supersymmetry and seven extra-dimensions)
• Why are there so many kinds of particles? 
– Why three families? Do the patterns and variations among them 
suggest undiscovered physics principles?
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Basic questions to be answered(2)
• What is the dark matter?  Is it made of SUSY particles?
– Can we make it in the laboratory? 
• What are neutrinos telling us?
– Tiny mass? New physics at very high energies?
• How did the Universe come to be?  
• What happened to the antimatter produced in the big bang?  
– How did the matter-antimatter asymmetry arise?
• The LHC and ATLAS are built to answer some of these questions!
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Status of the LHC
• The LHC is the Large Hadron Collider:
– Being built at CERN, Geneva across the French-Swiss border
– A 27km circumference underground tunnel of ~100-150m depth 
– 1232 superconducting dipole magnets(max.8.4 Tesla, 15m long)
– Head-on proton-proton(14 TeV) or Pb-Pb (~30 GeV/fm3) 
collisions 
– Designed beam luminosity of 1034 protons/sec/cm2 (by 2010)
• Particles up to ~5 TeV/c2 can be produced & studied
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LHC Installation
The last magnet was installed
(symbolically) on 26th April 2007
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Sector 7-8 Cool Down
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two beams, 2808 bunches 
each, separated by 25 ns
Beam energy                                         7       TeV
Dipole field                                          8.4      T
Dipole current                                   11700    A
Instantaneous luminosity  L                1034 cm-2s-1
Integrated luminosity/year              ~ 100     fb-1 
Circulating current/beam                    0.53    A
Number of bunches                            2808
Bunch spacing                                       25      ns
Protons per bunch                                1011
R.m.s. beam radius at IP1/5                  16       μm
R.m.s. bunch length                              7.5      cm
Stored beam energy                           360      MJ
Crossing angle                                     300     μrad
Number of events per crossing           ~20








beam size at IP 
(σx,y = 16 μm) 
n. of turns
per second
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General LHC Schedule
? Engineering run originally foreseen at end 2007 now precluded 
by delays in installation and equipment commissioning.
? 450 GeV operation now part of normal setting up procedure for 
beam commissioning to high-energy
? General schedule being reassessed, accounting for inner triplet 
repairs and their impact on sector commissioning
? All technical systems commissioned to 7 TeV operation, and 
machine closed April 2008
? Beam commissioning starts May 2008
? First collisions at 14 TeV c.m. July 2008
? Pilot run pushed to 156 bunches for reaching 1032 cm-2.s-1
by end 2008
? No provision in success-oriented schedule for major mishaps, 
e.g. additional warm-up/cooldown of sector
(CERN SPC 18-Jun-2007)
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2008 LHC accelerator schedule
(CERN SPC 18-Jun-2007)
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Reconstructed tracks 
with pt > 25 GeV
Pile up:   H →ZZ →4µ
At each crossing : ~1000 charged particles 
produced  over |η| < 2.5  (100 < θ < 1700)
However :   < pT > ≈ 500 MeV→ applying pT cut  allows extraction 
of interesting events
Experimental Challenges at LHC
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Experimental Challenges at LHC
• Stronger SM background wrt. Tevatron
– Consequence of higher energy
– Have to rely on lepton and gamma for light objects (W,Z,H?) observation
– Harder pT cut (~100 GeV) for full hadronic final states for heavy objects
– Requires good mass resolution of 1% (10%) for lepton, gamma (jets) & excellent particle ID
• Very high event rate & pile-up
– IS rate of nearly 109 interactions/s
– For every bunch-crossing in 25 ns, ~20 inelastic (low pT) events are produced in the detector simultaneously
– Detector requirements:
• Fast response: ~50ns
• Granularity: > 108 channels
• Radiation resistance (~1016 n/cm2/year in FCAL. Region)
– Event reconstruction becomes more difficult!
• General-purpose, excellent performance from a few GeV up to a few TeV
• Very efficient and selective trigger system (event rate from 40MHz to 200 Hz)!
• Massive computing resources, .i.e., LCG, for a data volume of 10-15 PB/year
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Very Fast and Selective Trigger System
Must reduce rate from 40 MHz (interaction rate) to ~ 200 Hz (affordable rate to storage)
Must be very selective and efficient: e.g. 1 H → 4e event every 1013 interactions
⇒ multi-level trigger systems
LEVEL 1 TRIGGER
• Hardware-Based (FPGAs ASICs)
• Coarse granularity from 
calorimeter & muon systems
• 2 μs latency (2.5 μs pipelines)
LEVEL 2 TRIGGER
• Regions-of-Interest “seeds”
• Full granularity for all 
subdetector systems
• Fast Rejection “steering”
• O(10 ms) processing time
EVENT FILTER 
• “Seeded” by Level 2 result
• Potential full event access
• Offline-like Algorithms







ATLAS : A Toroidal LHC ApparatuS
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1900  Scientific Authors in total
Albany, Alberta, NIKHEF Amsterdam, Ankara, LAPP Annecy, Argonne NL, Arizona, UT Arlington, Athens, NTU Athens, Baku, 
IFAE Barcelona, Belgrade, Bergen, Berkeley LBL and UC, HU Berlin, Bern, Birmingham, Bologna, Bonn, Boston, Brandeis, 
Bratislava/SAS Kosice, Brookhaven NL, Buenos Aires, Bucharest, Cambridge, Carleton, Casablanca/Rabat, CERN, Chinese Cluster, 
Chicago, Clermont-Ferrand, Columbia, NBI Copenhagen, Cosenza, AGH UST Cracow, IFJ PAN Cracow, DESY, Dortmund, 
TU Dresden, JINR Dubna, Duke, Frascati, Freiburg, Geneva, Genoa, Giessen, Glasgow, LPSC Grenoble, Technion Haifa, Hampton, 
Harvard, Heidelberg, Hiroshima, Hiroshima IT, Indiana, Innsbruck, Iowa SU, Irvine UC, Istanbul Bogazici, KEK, Kobe, Kyoto, 
Kyoto UE, Lancaster, UN La Plata, Lecce, Lisbon LIP, Liverpool, Ljubljana, QMW London, RHBNC London, UC London, Lund, 
UA Madrid, Mainz, Manchester, Mannheim, CPPM Marseille, Massachusetts, MIT, Melbourne, Michigan, Michigan SU, Milano, 
Minsk NAS, Minsk NCPHEP, Montreal, McGill Montreal, FIAN Moscow, ITEP Moscow, MEPhI Moscow, MSU Moscow, Munich LMU, 
MPI Munich, Nagasaki IAS, Nagoya, Naples, New Mexico, New York, Nijmegen,  BINP Novosibirsk, Ohio SU, Okayama, Oklahoma, 
Oklahoma SU, Oregon, LAL Orsay, Osaka, Oslo, Oxford, Paris VI and VII, Pavia, Pennsylvania, Pisa, Pittsburgh, CAS Prague, 
CU Prague, TU Prague, IHEP Protvino, Regina, Ritsumeikan, UFRJ Rio de Janeiro, Rochester, Rome I, Rome II, Rome III, 
Rutherford Appleton Laboratory, DAPNIA Saclay, Santa Cruz UC, Sheffield, Shinshu, Siegen, Simon Fraser Burnaby, SLAC, 
Southern Methodist Dallas, NPI Petersburg, Stockholm, KTH Stockholm, Stony Brook, Sydney, AS Taipei, Tbilisi, Tel Aviv, 
Thessaloniki, Tokyo ICEPP, Tokyo MU, Toronto, TRIUMF, Tsukuba, Tufts, Udine, Uppsala, Urbana UI, Valencia, UBC Vancouver, 
Victoria, Washington, Weizmann Rehovot, FH Wiener Neustadt, Wisconsin, Wuppertal, Yale, Yerevan
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Diameter :                     25 m
Barrel toroid length:    26 m
Length: 46 m
Overall weight:            7000 Tons
ATLAS: A Toroidal LHC ApparatuS
General purpose particle 
detector 
(coverage up to |η|=5, 
L=1034 cm-2s-1)
Tracking (|η|<2.5, B=2T):
Si pixels and strips
TRT(e/π separation)
Calorimetry (|η|<5):
LAr EM Calo: (|η|<3.2) Pb-LAr
HAD Calo: (|η|<4.9)
Scintillator-Tile (central), LAr (fwd)
Muon Spectrometer (|η|<2.7):
Air-core toroids with muon chambers
p, 7TeV
p, 7TeV
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92 m
? ATLAS superimposed to 
the 6 floors of building 40
? ATLAS assembled 92 m
under ground at CERN
Size of ATLAS
Side C Side A
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3 sub-systems:
Silicon pixels : 0.8 108 channels
Silicon strips (SCT) : 6 106 channels
Transition Radiation Tracker (TRT) : (electron ID)




Cosmic muon recorded 
in the barrel TRT (in the
assembly surface room)
Inner Detector (ID)
SCT + TRT in place, May 2007
Inner Detector installation 
in underground cavern 
completed
Pixels (+ beam pipe) insertion 
June 2007
The core of ATLAS: the Pixel detector
? 3 layers at ~ 5cm, 10cm, 13cm from the beam line
? made of ~ 80 million high-tech Si pixels 50μm wide, 400μm long, 250μm thick
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Barrel toroid system (eight 25m-long, 100 tons superconducting coils): 
tested at full field (20 kA current) in November 2006.
ATLAS cavern in October 2005
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LAr and Tile Calorimeters
Tile barrel Tile extended barrel
LAr forward calorimeter (FCAL)
LAr hadronic 
end-cap (HEC)
LAr EM end-cap (EMEC)
LAr EM barrel~12 m long, 4.3m radius
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Barrel calorimeter (EM Pb/LAr + Hadron Fe/scintillator) in its final 
position at Z=0. Cryostat is filled with LAr and cold (87 K)
November 2005
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- MDTs in the barrel and end-caps
- CSCs at large rapidity for the 
innermost end-cap stations
Trigger chambers:
- RPCs in the barrel
- TGCs in the end-caps
The Muon Spectrometer is instrumented with 
precision chambers and fast trigger chambers
A crucial component to reach the required accuracy 
is the sophisticated alignment measurement and 
monitoring system
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Installation of barrel muon chambers 
(~ 700 stations) started in December 2005
and is completed.
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The two end-cap toroid magnets 
installed in June-July 2007
Summary of ATLAS Detector Status
Detector Construction                              : Completed
Installation in the underground cavern     : Almost completed
Commissioning with cosmics : Ongoing
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Run an increasingly more complete detector with final trigger, data acquisition and 
monitoring systems. Data analyzed with final software
? Debug the experiment in its final position → fix problems
? Gain global operation experience before collisions start
ATLAS detector commissioning with cosmics in the underground cavern
The ATLAS control room during
a cosmic run
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Simulated cosmics flux 
in the ATLAS cavern
Cosmic data:
muon impact points extrapolated
to surface as measured by 
Muon Trigger chambers (RPC)
Rate ~100 m below ground: ~ O(10 Hz)
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A cosmic muon in LAr EM calorimeter
and Tile calorimeter
A cosmic muon in Muon Spectrometer
bottom
Cosmics Muon spectrum 
in bottom part of Tilecal
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Milestones of combined cosmic commissioning
M1 – Dec ’06 Barrel calorimeters, calorimeter trigger, 
part of barrel muon spectrometer 
standalone
Muon reconstruction with 
magnetic field
M2 – Mar ’07 New: Barrel muon (part), endcap
calorimeters, calorimeter and muon
trigger
Combined runs
M3 – Jun ’07 New: Barrel SCT, TRT, muon big 
wheel side C (part); final DAQ and 
event building infrastructure/ computer 
farms (part)
Combined runs; event display; 
final line for data storage; first 
data streaming tier-0 → tier-1 
centers
M4 – Aug ’07 New: muon big wheel side C Data quality monitoring
High level trigger algorithms
Data streaming to external 
calibration centers
DAQ to DCS (slow control) 
communication
M5 – Oct ’07 New: Inner detector end cap, Pixel
M6 – Nov/Dec ’07 New: End cap magnets Run with magnetic field
Prospects for early physics in 
2008 (A few examples)
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Expected Event Rate in 2008
Physics Samples Events to tape for 100 
pb-1
(ATLAS in 2008)
Total Events from LEP & 
Tevatron
W → mu nu (e nu) ~106 ~104 LEP, ~106 Tevatron
Z  → mu mu (ee) ~105 ~106 LEP, ~105 Tevatron
Dibosons ~102 ---
tt → WbWb → mu nu + X ~104 ~104 Tevatron
QCD jets pT> 1 TeV >103 ---
m=1 TeV ~50 ---
These well-known SM samples will be used to calibrate and understand the 
ATLAS detector ? very important for new discovery!
gg~~
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The top quark measurement
A top signal can be observed quickly, even with limited detector performance and simple
analysis …. and then used to “calibrate” the detector and understand physics
σtt ≈ 250 pb for tt → bW bW → blν bjj
With ~100 pb-1 expect to measure σtt to 20% and σmt to 10 GeV ! The ultimate LHC precision on mt is ~ 1 GeV
Isolated lepton      
pT> 20 GeV
ETmiss > 20 GeV
4 jets pT> 40 GeV
NO b-tag !!
2 jets M(jj) ~ M(W)
ATLAS preliminary
50 pb-1
W+n jets (Alpgen) + 
combinatorial background
3 jets with largest ∑ pT
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Major Higgs Decay Modes
Close to LEP 
limit: H→γγ,ττ,bb
For MH>140 GeV: 
H→WW(*),ZZ(*)
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H → ZZ → 4l
If Higgs found, mass can be measured to 0.1%, 
couplings to ~ 10-20% → useful insight into EWSB
Summary of  Higgs discovery potential 
(ATLAS Preliminary)
2003
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• large cross-section → ≈ 10 events/day at  1032 for
• spectacular signatures (many jets, leptons, missing ET)
If SUSY at TeV scale → could be found “quickly” ….     thanks to: 
Another possible “early” discovery: Supersymmetry








Our field, and planning for future 
facilities, will benefit a lot from quick 
determination of scale of New Physics.
E.g. with 100 good pb-1 LHC could say
if SUSY accessible to a ≤1 TeV ILC
BUT: understanding ETmiss spectrum(and tails from instrumental effects)
is one of the most crucial and 
difficult experimental issue for 
SUSY searches at hadron colliders.
J.J.Blaising et al., input to Eur. 
Strategy workshop
From F. Gianotti
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Other Physics Topics with ATLAS
• SM physics:
– B physics: CP violation and rare decays
• Exotics Searches
– Compositeness (excited fermions, etc.)
– New particles, new gauge bosons and gauge symmetries, heavy 
quarks and leptons, etc.
– Extra dimensions, mini black holes, dark energy, etc.
– Randall Sundrum Gravitons
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Summary and Outlook
• New LHC schedule:
– First physics collisions at 14 TeV in July 2008
– Expected luminosity:
– 6x1030-1032 in 2008 ? ~100  pb-1
– 1032-1033 in 2009 ? ~ a few fb-1
• ATLAS detector integration in the cavern is almost complete, detector commissioning has been in progress on the sub-detector level and is now moving to the commissioning of the whole system
• The on-going physics performance study to re-evaluate the full physics potentials of ATLAS detector as built will be completed by end of 2007!
• ATLAS detector will be ready in April 2008
• We look forward to exciting new physics with ATLAS!
Cheers !
Backup Slides
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ATLAS ≡ A Toroidal LHC ApparatuS CMS ≡ Compact Muon Solenoid
MAGNET (S)
Air-core toroids + solenoid in inner cavity
4 magnets
Calorimeters in field-free region
Solenoid




TRT → particle identification
B=2T
σ/pT ~ 5x10-4 pT ⊕ 0.01
Si pixels + strips
No particle identification
B=4T  
σ/pT ~ 1.5x10-4 pT ⊕ 0.005
EM CALO
Pb-liquid argon
σ/E ~ 10%/√E      uniform
longitudinal segmentation
PbWO4 crystals σ/E ~ 2-5%/√E
no longitudinal segm.
MUON Air → σ/pT ~ 7 % at 1 TeVstandalone
Fe → σ/pT ~ 5% at 1 TeV
only combining with tracker
HAD CALO Fe-scint.  + Cu-liquid argon (10 λ) σ/E ~ 50%/√E ⊕ 0.03
Cu-scint.  (> 5.8 λ +catcher)
σ/E ~ 100%/√E ⊕ 0.05
